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About this doctorate program 
This PhD program has a duration of 3 years.  The Doctorate in Health and Technology is 
an interdisciplinary program, where each PhD student has a supervisor from the technical 
area (engineering, chemistry etc) and one from the clinical or biological area.   
https://www.unibo.it/en/teaching/phd/2019-2020/health-and-technologies  
 
The objective of the interdepartmental Doctoral Programme in Health Sciences and 
Technologies is to train the next generation of leaders in industrial, clinical, and academic 
research.  Our goal is to develop an organic research programme at the interface between 
engineering and medicine, which is inspired by the quantitative and integrative approach 
of physical sciences, and by the latest development in biomedical research, drive the 
development and clinical translation of disruptive health technologies. 
The doctoral training programme will prepare students in conducting research which: 
- Extend the comprehension of how human physiology and pathology work in term of 
physical and chemical mechanisms, and how these mechanisms respond when perturbed 
by external factors such as therapies, changes in life style, and environmental factors;  
- Develop new technologies that by leveraging on this mechanistic understanding 
pursue a wide spectrum of applications relevant to human health, including prevention, 
diagnosis, prognosis, treatment, and rehabilitation. 
 
 
 
Summary of the project 
Degenerative or traumatic lesions of tendons and ligaments are difficult to repair.  Post-
operative failures affect between 15% and 40% of cases (depending on initial indications).  
We developed a prototype of an electrospun scaffold replicating the hierarchical 
morphology and the mechanical properties of tendons and ligaments.  This PhD project 
will further develop the prototype by increasing the bioactivity and enhance the integration 
of the constituent material with the surrounding tissues, and will bring this technical 
solution towards clinical application. 
The following aspects will be investigated: optimization of the polymeric biomaterial and its 
functionalization to improve cell adhesion, recruiting and differentiation and to prevent 
inflammatory response, optimal technique for effective sterilization; means of surgical 
attachment to the host tissue.  
The collaboration between the technical area (engineering and chemistry) with the clinical 
counterpart (orthopaedic surgery) will be a key point of this project. 
 
 
 
Objectives of this project 
The overall objective of this PhD project to bring a promising electrospun scaffold for the 
repair of tendons and ligaments from the current state of technical development (between 
TRL3 and 4) towards clinical application.  The following specific objectives will be tackled: 

 Optimization of the sterilization technique to ensure effective sterilization of the 
nanofibrous structure and preservation of the desired mechanical properties and 
biocompatibility properties 



 Optimization of the surgical technique to attach the scaffold to the host bone, 
and/or the residual tendon/ligament, in collaboration with the orthopaedic surgeons 
to ensure adequate mechanical strength and lack of stress concentrations and 
surgical practicability 

 Increasing scaffold bioactivity and integration in the surrounding tissues to prevent 
adverse response of host tissue and avoid inflammatory reactions. 

This project covers some basic science (interaction between nanofibrous scaffold and host 
tissue), it focuses on technological development (implementing and testing different 
solutions on the scaffold) and has clinical relevance (develop the best solution for 
implantation). 
 
 
 
Rationale and scientific background 
The fact that different orthopaedic surgeons chose different strategies for the repair of 
damaged tendons and ligaments is an indicator that there is no consolidated and 
satisfactory technique.  In fact, the post-operative outcome is far from satisfactory.  
Surgical treatments fail in 15% and 40% of cases (depending on the initial indications).  
Artificial implants fail mostly because of biomechanical mismatch (inadequate stiffness, 
limited strength etc).  Xenografts often do not get properly integrated or even create 
rejection.  Allografts offer better similarity, but are limited due to cost and availability.  
Autografts solve some of the problems above, but are associated with morbidity of the 
donor site and are limited in stock. 
Bioresorbable scaffolds are a very promising option, as they are not limited in availability 
[1].  We recently developed a technique to manufacture electrospun scaffolds that 
replicate the morphology and the mechanical properties of the human natural tendons and 
ligaments [2,3]. 
To bring this project towards an animal trial and a future clinical application, there are 
some clear points that need to be fine-tuned.  Specifically, as the key to success of such 
devices is integration with the host tissues, this project aims to understand how to prevent 
such common clinical complications, and to develop the extremities and the interfaces so 
as to grant success in case of implantation. 
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Research project 
The focus of the activities will be on optimizing and testing electrospun hierarchical 
scaffolds made of blends of natural (collagen) and synthetic (PLLA) polymers so as to 
ensure that they become suitable for implantation.  This PhD candidate will spend 30-40% 



of his/her time in the biomechanical laboratory of prof. Cristofolini, 30-40% of the time in 
the Chemistry lab of prof. Focarete and the remaining 20-40% of in the clinical settlement, 
in collaboration with Rizzoli Orthopaedic Institute.  Furthermore, an international 
secondment of 2+3 months at the University of Portsmouth is planned to complement the 
preparation of this candidate providing high-resolution imaging and cell culture, whereas 
an international secondment of 2+3 months at Erlangen University is planned to 
complement the preparation of this candidate on scaffold functionalization and 
biomineralization. 
 
Activity 1 – CLINICAL TRAINING.  Building the understanding of lesions of the tendons 
and ligament, about the current surgical techniques for reconstruction, and about the post-
op failure mechanisms.  This activity will be particularly intense during the 1st year, to 
acquire new clinical understanding.  However, during the entire duration of development 
and validation activities will be closely connected to the clinical environment. 
 
Activity 2 – STERILIZATION TECHNIQUE.  Within this activity the candidate will first get 
familiar with the sterilization techniques that can be applied to this family of resorbable 
materials.  Tests will be carried out to identify a technique and the parameters that grant 
adequate reduction of the bioburden, without compromising the mechanical properties and 
the biocompatibility of the scaffolds 
 
Activity 3 –SCAFFOLD BIOACTIVITY AND INTEGRATION WITH HOST TISSUE.  This 
activity will be carried out in parallel with the previous ones, with the aim to optimize the 
constituent material and increase the bioactivity of the scaffold and its integration with the 
surrounding tissues.  Within this activity the candidate will get familiar with scaffold 
functionalization techniques.   
 
Activity 4 – BONE INSERTIONS.  The activities within this activity are fundamental to 
adapt the scaffolds and define the surgical technique that will provide adequate insertion in 
the host bone.  This is currently one of the main surgical challenges.  The input of the 
clinical supervisor is extremely important in this phase. 
 
 
 
Innovation potential 
This proposal mainly aims at technological innovation: this PhD project will provide 
significant advancement in the development and validation of nanofibrous scaffolds.  In 
particular, currently no hierarchical scaffold is available for the regeneration of tendons 
and ligaments.  This research will deliver unpreceded solution with highly biomimetic 
scaffolds.  The main points of innovation will be: 

 Advancing the development of electrospun hierarchical bioresorbable scaffold 
 Developing and validating technological and surgical solutions for the attachment of 

such scaffolds to the host tissues 
 Developing and testing innovative solutions to prevent inflammatory response and 

tissue adhesion 
Furthermore, it is foreseen that this project will deliver scientific innovation providing new 
insights in the way host tissues (tendon, ligament, bone and enthesis) react to nanofibrous 
scaffolds 
 
 
 



Expected results and applications to human pathology and therapy 
This project is meant to develop a better solution for the repair and regeneration of lesions 
of tendon and ligaments, so as to overcome the critical limitations of the current 
commercial devices and surgical techniques.  This will allow, in a perspective, to deliver 
better treatments both to young patients (typically affected by traumatic lesions) and 
elderly ones (presenting degenerative lesions). 
While in the duration of this PhD project it is not realistic to start a clinical trial on humans, 
it will definitely open the way to a dedicated animal trial. 
 
 
 
The research team 
This candidate will have an engineering background.  While this will facilitate him/her in 
grasping the technical part of the project, some time and effort must be dedicated at the 
beginning to improve his/her understanding of the clinical problem.  This project is rooted 
between three groups: 
- The group of Prof. Focarete (Chemistry Department) will provide the training and 

expertise on electrospinning, polymers, and treatment and modification of polymers. 
- The group of Prof. Cristofolini (Department of Industrial Engineering) will provide 

“training through research” in the area of biomechanics and material 
characterization. 

- The group of Dr Traina will provide training and supervision on the surgical 
procedures for tendon and ligament repair, on complications, and will supervise the 
design of the implantation technique. 

 
Prof Focarete and Prof Cristofolini have been collaborating in the recent years for the 
development of the first prototype of this implantable scaffold.  The success of 
collaboration is documented by a number of joint publications.  Also: Prof. Traina and prof. 
Cristofolini have been intensively collaborating for years on research projects at the 
intersection between orthopaedic clinical application and biomechanics research.  A strong 
integration of the two research groups has been achieved by involving the clinical staff in 
lab activity, and the lab staff in clinical research.  This PhD candidate will enjoy this 
extremely stimulating interdisciplinary environment, and will share his/her research time 
between clinics (in tight collaboration with Rizzoli Orthopaedic Institute) and biomechanics 
lab. 
 
The Polymer Science and Biomaterials group at the Chemistry Department 
“Ciamician”, UNIBO has recognized expertise on structure-polymer correlation of natural 
and synthetic polymeric biomaterials. The group has strong knowledge of material design, 
material processing through conventional and advanced innovative technologies and 
nanotechnologies, material characterization and study of biodegradability. The group has 
demonstrated the capability to develop polymeric systems for drug delivery and as tissue 
models for tissue engineering.  In collaboration with the Biomechanics lab of prof. 
Cristofolini the group has acquired knowledge to develop scaffolds with optimized 
biomechanical properties by playing on the choice of the more appropriate material and on 
the selection of the best morphological properties of the scaffolds. 
 
The Biomechanics group is directed by prof Luca Cristofolini and prof Marco Viceconti and 
is part of the Department of Industrial Engineering.  The group has been active for 
almost 30 years in the area of musculoskeletal biomechanics.  The environment is informal 
and friendly, and collaborations are encouraged between team members, and between 



juniors and seniors.  The biomechanics group is formed by Italian and International young 
scientists, and has strong ties with the clinics (e.g. Rizzoli Orthopaedic Hospital), with 
international partners (as part of collaborative projects), and with the industry (e.g. 
orthopaedic manufacturers, software developers).  The focus of the group directed by prof. 
Cristofolini is on the multi-scale biomechanical characterization of skeletal structures and 
orthopaedic devices, and on the integration of in vitro tests and numerical modeling.  Their 
main activities focus on preclinical testing of orthopaedic implantable devices, and 
validation of innovative surgical techniques.  Their group, in collaboration with the 
Electrospinning group, recently developed and characterized innovative regenerative 
scaffolds.  Furthermore, this group is acknowledged internationally for the applications of 
DIC to biomechanics.   
 
The Dept. of Orthopaedic-Traumatology and Prosthetic surgery and revisions of hip 
and knee implants of the Rizzoli Orthopaedic Institute is nationally recognized for the 
treatment of severe orthopaedic conditions including joints tendon and ligament 
reconstructions (mainly in the lower limb).  Its activity is mainly focused on surgical 
treatment of complex cases, analysis and data collection of multiple type of joint 
replacement surgery through different surgical approach and procedures.  Comparison 
between different procedures and cases are routinely performed in order to continuously 
improve the patient’s provision of care.  
 
 
 
Profile of the candidate 
We are looking for a highly motivated young researchers with a Master degree (or 
equivalent) in Mechanical Engineering, Biomedical Engineering, Physics, Material 
Science, or related disciplines, willing to study and do research at the leading edge of 
biomechanical engineering, in close contact with a clinical environment.  Individuals 
expecting to obtain their Master degree before 31 October 2019 can conditionally apply. 
 
In order to be admitted to the selection, a student needs a five-year higher education 
degree, which includes at least one module for each of the following disciplines: 
mathematics, physics, computer science, biology, physiology, and anatomy. 
 
Additional desirable specific expertise preferentially required: good laboratory practice; 
mechanical testing and experimental stress analysis; chemistry; physicochemical 
characterization; handling and testing of biological tissue; orthopaedic biomechanics; 
mechanical properties of living tissues; statistics and design of the experiment. 
 
Candidates must be fluent in English as it will be the language used to interact with 
supervisors and colleagues during the project, and to interact with partners.  Although 
some understanding of Italian may be useful for daily living, this is not a mandatory 
requirement.  Communication and teamworking skills are required in our international 
team. 
 
 
 
Salary: 19 367 € per year before taxes. 
 
 
 



More information:  
For informal discussions please contact Professor Luca Cristofolini 
luca.cristofolini@unibo.it or Prof. Maria Letizia Focarete marialetizia.focarete@unibo.it  
 
 
 
How to apply: 
Formal application must be submitted through the UniBo portal:  
https://www.unibo.it/en/teaching/phd/information-enrolling-phd-programme/how-to-apply-
phd-programme 
 
Each student, depending on their degree, will be able to apply only for a sub-set of 
projects among those advertised for this PhD program; among them each student will be 
allowed to select three projects, and name them in order of preference; however, in some 
cases it might not be possible to satisfy all requests, and some students might be offered a 
research project different from those they selected. 
 
The full call is available online:  
https://www.unibo.it/en/teaching/phd/2019-2020/attachments/35th-cycle-call-for-
application/@@download/file/35thCycle_CallForApplications.pdf  
 
 
 
Deadline:  
Applications must be submitted through the UniBo portal until 15 May 2019, 1 PM Italian 
time (UTC + 1) 
 


